HiC Shuffling Simulator
The HiC read simulator was engineered to (1) preserve the number of read pair counts at each distance between paired reads and each orientation type, and (2) preserve the number of reads within w of a restriction enzyme cutsite. Therefore, we took a read shuffling approach. Each HiC paired end read (x, y) ∈ R mapped to a sequence S is shuffled to a new location in sequence S ′ under the constraints given above. For simplicity, let S and S ′ have the same length L and positions for cutsites H.
Since the distance, y − x is fixed for shuffling a read (x, y) to a new random position, x may relocate to at most L positions. The new y position, is given by the new x position plus y − x. Naively, a read can be shuffled to a new position (x ′ , y ′ ) and then checked if x ′ and y ′ are within w of a cutsite. If it is not the same as the old position (x, y), then the read must be shuffled to another position. This naive algorithm for shuffling reads has a runtime in O(|R| × L), and is inefficient. Alternatively, an O(|R|) runtime can be achieved by Fisher-Yates shuffle [50] at each distance y − x. However, this requires holding an L × L shuffled matrix in main memory. For chromosome 20, L ≈ 6 × 10 7 and thus requires 360 terabytes of main memory (3.6 × 10 15 bytes). This memory requirement is impractical. Therefore, we applied the following two optimizations to create a feasible HiC read shuffler (see Algorithm 1).
1. Sort reads in R by ascending y − x. Thus, in the iteration over reads in Algorithm 1, we only need to call getShuf f ledP osition when y − x changes. The overall worst-case runtime remains O(|R| × L), but in practice many reads have the same distance, and getShuf f ledP osition is only called on average 10K times rather than |R| times (see Table 3 for HiC read counts).
2. Positions in R, and H are transformed by p 100 and then for each read R ′ we add Random(1 . . . 99). The rounding by 100 reduces the number of calls to getShuf f ledP ositions and length L, consequently speeding up the runtime and reducing memory use.
Algorithm 1 HiCShuffling algorithm
1: procedure HiCShuffle(HiC reads R, cutsites H, sequence length L,)
2:
⊲ Randomly shuffles reads R on S to new locations
Let isInCut be a L length zero vector 4:
end for
7:
for x, y ← R do 8:
⊲ Number of cutsites the read pairs falls into 9:
i ← next in getShuf f ledP ositions(y − x, z)) 10: 
⊲ isInCutAtD has length L − d
16:
Let Index(isInCutAtD, z) be indicies of isInCutAtD with value z 17: return F isherY atesShuf f le(Index(isInCutAtD, z)) 18: end procedure 3 Table of mapped read counts from simulated chromosomes Labeling the copy number of a DNA segment in each individual of a trio determines the phase of the deletion in the offspring or homozygosity. Deletion polymorphisms in the HapMap 3 Consortium were annotated by DNA segment copy number. If the copy number for a deletion polymorphism is 0 in the offspring and 0 or 1 in both the parents, then the deletion is labeled as homozygous. Whereas, deletion polymorphisms with copy number 1 in the offspring and 2 in one parent and 0 or 1 in the other parent are labeled as heterozygous. In contrast, Mill et al.
[2] labeled presence or absence of deletions. Presence or absence of deletion labeling of the mother, father, and offspring cannot determine whether a deletion is homozygous in the offspring. A parent with a deletion present can be either heterozygous or homozygous and may still transmit either the deletion or non-deleted allele to the offspring. The left column shows the three patterns of deletion transmittance inferred from copy number. The right column shows the deletion transmittance that can be phased when labeling individuals with deletion presense or absence. 
Description of Features
2 ) where a < s < b < t +/− or −/+ 27 HiC HindIII pA
2 ) where a < s < b < t +/− or −/+ 31 HiC HindIII pB
2 ) where a < s < b < t +/+ or −/− 32 6 Simplifying extensive 32 features to 6
Initially, we attempted the simplest model with 6 features. WGS data can distinguish between homozygous, heterozygous, and incorrect deletions. Specifically for a deletion (a, b), the incorrect, heterozygous, and homozygous call depends on the number of concordant WGS reads in (a, b) (feature 1 in Supplemental Table 5 ) matching either average read depth coverage, half the average, or no read depth coverage, respectively. Conversely, only observing discordant reads around the interval (a, b) (feature 2 in Supplemental Table 5 ) would support a homozygous call, and negate incorrect or heterozygous calls. The remaining four features are simple summations of reads supporting or contradicting deletions belonging to pA or pB . For a deletion (a, b) , the sum of WGS and HiC reads in (a, b) (features 5, 13, 14) and reads around each break a and b (features 7, 8, 15 − 18, 25 − 28) would support pA. Whereas, the number of WGS discordant reads around (a, b) (features 6) would contradict the deletion belonging to pA. Similarly, two summation features are constructed for supporting or contradicting a deletion belonging to pB . Figure 5 ). The primers were used in three separate PCRs to observe a) presence of the deletion, b) presence of deletion with a phased SNP, and c) presence of non-deleted sequence with a phased SNP. The deletion enclosing primers were used to validate (a) presence of the deletion (see Supplemental Figure 12 ). Primers adjacent to the SNP and outside the deletion interval amplified a product containing the deletion product and phased SNP (b). In some cases, the non-deleted sequence and SNP was also amplified by the primer pair intended to capture (b). The non-deleted sequence and SNP amplicons equal the amplicon size (b) plus the deletion size (data not shown). Lastly, the primers adjacent to the SNP and inside the deletion amplified a product containing the non-deleted sequence and phased SNP (see Figure 5 ). All PCR experiments used the following thermocycling conditions; initial denaturation at 95
Simulating errors in breakpoint calls
• C for 45 sec, 10 cycles at 94
• C for 20 sec, 63
• C for 30 sec, 68
• C for 3:45 min, 22 cycles at 94
• C for 5 sec, 61
• C for 3:45 min + 5 sec for each cycle, final extension at 64
• C for 5 min, and 4 • C hold. 1% agarose gels were used to separate amplicons, and DNA extraction was performed using QiaQuick Gel Extraction kit. For each deletion, amplicons (c) were sequenced to confirm correct phasings.
12 Validation of presence of deletions 
